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(57)Abstract 

PROBLEM TO BE SOLVED: To produce a silicon single crystal having extremely 
low defect density under stable conditions by adjusting a furnace inside 
structure so as to reduce the radial-directional inclination of the temperature 
gradient in the pulling-up direction within the crystal and also controlling the 
relation between the temperature gradient and the pulling-up rate. 
SOLUTION: In this production process, as a furnace structure, an annular solid- 
liquid interface heat-insulating material 8 is placed above a melt surface 3 in the 
outer peripheral space of the liquid part in the vicinity of the solid-liquid 
interface of a growing single crystal bar 1, so as to be able to control a 
temperature region in the range of the crystal melting point to 1,4000° C, of the 
single crystal bar 1, in the vicinity of the melt surface 3. When some conditions 
other than the furnace structure are changed to cause a temperature gradient 
inclination in the radial direction from the periphery to the center of a single 
crystal, a space S between the lower end of the annular solid-liquid heat- 
insulating material 8 and the mert surface 3 is adjusted, for example, to a value 
within the range of 1 to 10 cm, to control the difference in temperature gradient 
between the peripheral part and the central part of the crystal. Thus, in at least 
a part of the crystal, extending in the growth direction, the whole surface in the 
radial direction of the crystal becomes an N region (neutral region) having 
extremely low defect density by, for example, changing the single crystal pulling- 
up rate, wherein the N region has no silicon atom deficiency or excess. 
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[«P8^S3 CZffitcfc^r^S?|_hW r 3lg'£V [mm 
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'CCDraCSK^JE^G ['C/nm ] <LL7cB#, V/G [mm 
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*&i B £S?i§-fst§^fc::tet,>-c > 6>ti< ti>m&fifa<D— 

SPfl-r. & B lKD^fa©:£®#N-^ii4tt£J:5fc:U 

4 0 0 -C©H©Slt$JlBG (2affi^{tS/^^7^S 
3) [-C/mm] ©S^^^MU *<Dtcib&ik 
?LLtfi$ffi£V [mm/m i n] thtd%<DV/G [m 
m 1 /■C-min] ffi*JN-«igi*S*S«H*>6^ 

nr . s^-(dj©±m-c n - m« 4 «tt 6 tt.< tt -> terns 
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/h£<L. V/Gtt*S#fiJ©£lHrN-«i*4ttSJ: 

[1**52] WsB?I±tf^©^i*3l*ie©3B©t;^ liA 
©B$#S©ttJSKIRt*©B*f?Bfffi^*a:W'r> IS 
Ba»trF*iBliKDffi©BRS [mm] ?rPgp^4Ci 
Kl«fcf3ff5Ci%4*«i-r5l»*q|l KEKL-fc^U a 

[«*53] »ig*EPto^S^3*7;l/**H£K:J: 

Sf#*5 i *fcj3i»«3S2 cttBtRiyfcs* =j >«gg® 

<SS*Wfi-J-«tB^«:*j»,>-c. &a£l1Bt£©£Wc*?' 

£U> Lft*53 ©l^ffr*' 1 WiClB*gL/fc>' y n >#fe 
H,©SE£jfr8. 

[8**5 5 3 ^rt«iSWi*f©tlfi*fr©^«(«:^^ G 
'©S*i^»*sweffcl/te^cc. *©«a&*frrd>tt< i 

i**5l±lf**(r>»?l±tfaflE«?li«3-&-55l±lf*SI 
Sir, **5[±*fflUE©i»(c. «#Gi©;£ffi"CN-« 
% * <fc 5 jPrt«J6*SWr C 4 £^ 4-3- £fft* 

5 1 tto> Lsii*54 o^fn* 1 5tctetg ofc~> y n > 
[1**5 6 ] ^flBtetj^otaE^Dsawcm* g 

-«*4 ix^pmrn^mr c i ^^sti r sit*5 
i ttuL,is*54©t,>-rft;fr> i ^cciBKLfc^y =i>m 

[i»#5 7 ] &Km^wD&m&<D$mtcm> g 

©S#fi*Mli*«£fl:l,fc«fK:, ■€-©»S^iE5t^cf+»t , 
#ttc\ **ws^©.£5ttit!R£*T*>tt^i<'^ s 
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±tftoBa©5l±«f*SVft, «?«f*>6*SSG-CSJ-5 
fcffl. V/Gffi*tfct8LT. 3fl6*H&©4*JK>V/G 
ffi*SS{bL-cfcc^r t ^KJFrt«B6eW-©*fi=*q6t> 

4 . ^fb otctkfr^mcim \±n tees©? i±if 

D^R»fli*tfc«^r. G©tt«BJ|tl,'r**>. tf»G 
fi^6^©^t?©|||&Gffi^©l£iEfi£i|-irb-C*5t,> 

r, ^tc«*<c*Fi*j«fi©»*f*m». *©*§jnttc© 

[ft*58 3 *8E^IB^f611|{ctel»'C. SLBfafi* 

6*a«:Jli*iK--5*B^K:. O S F U >^©rt«5 W >. 
OSF'^^W-fX V-ysf«WlN-9W 
4 I — y s> fMWN -MiS©^l?7 -f >fc <fcCfl£ffi.>l/ 
- 7"#?S*£ L*£tf>£ 7 >©*©*l>tt < i 1 -?J&Lk£ 

v/Gffiic«fc»j5ea:^bL-cfc(,»T. *srt«fiew©«js 

*P#3Wb L/fcSteK . SfcCC*»;fc.V/Git 4 5 LhtfiME 

*«« l- -c» Kft^nLfikat?© g ©ffl*a» 

L/, itffG«6jfc6*©^r©3IKiGfi^©ti&IEfi*S- 

IS*tcc©lllIE*fTo;te±-C, AGJ&s*^4fc44Fl*i* 
j&£Errc4tcJ;D> g:£ie!©:£®#N-M*&4ttS0J 
|*J**:*jaUiT C £ %««fi-*lt*B 1 tt^LfS*5 

4ou-rn* i ®cf2tgbfc-> y a >#ifes©«ji^r 

30 [IS*59 3 ^H^^^^^-iSfciO^ya^S 

±tf^S€:Sl|g5Ur. ^tt<4fe*Sft©S*lAl«:jeji6S 
n-5N-««*ttS©«i^-|Sitcffi^rrs»^K:. -&?|± 

W r ^@W©*/J > >5l±tf3l^S61SAV [mm/m i n] 

? i±tf c 4 4 1 z u y 3 >mm^ B <Dwm^m. 

[IS*5 1 0 3 6tfBS?l±lf^a#©AV [mm/m 
i n] K*tU 

AG=— 6. 5AV+0. 1785 
40 ®i«lT*$4AG fC/mm] fiUMTKtt^J; 5CC<F 
F , 3«|ji*SfiSL/Tieit«:5[±tf4C4€:#a4-r4fe* 

59 KE*i/te5' y ^ >m^n©s^^ffi. 

[If*51l3 f a?5JW + -aKJ:-2T->'j3> 

#fes*$Sig-r-&«^tc*j^r. ii>tt< ife^s^is]© 

-35#-r . *S H B B ©M^I^©^ffi* s N-MiS4tt^«fc^K 

L/tr. zaa^iBG©^^^* 5 ^^, ^otctbv/ 

^M-CN -^«4tttt 6€c.< tt fc«^-(C. 3 l±tf ^© 
50 ^«^*W>«2Kfefr*BM5i/-C. G©a*I*«tt% 



/J^<L. V/Gtt*«#fil©±?BTN-««4fc4J: 

i 3 3 wfBPigp-r^Mi^^*5 % tsaiaea 
(cut, *s H e B^w^-rsci^si-r€»if^i 4tc 

IEi£ Lfc-> <J 3 >*ftfl©i8fi*ffi. 
[filial 1 6 ] 1 1/8*489 1 5 KIEigCD^ 

[S*j&® 1 7 ] 1 6 fEig©-> 'ja >4MtA*> 6 

[MicDmiacKii] 
[0 0 0 1 3 
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[S£sfe©Scfl53 DRAM*©*N*f*@B©l»*8t 

<jkt. czffiiRErs) -cfassnfe^ 

K. FPD. LSTD. COPfC^n->^> (Gr 40 
own - i n) %Mtm£tiZ>mtmmK.&& J t>7 : J<J 

[0 0 0 3 3 cti6©^»%»«-j-SK:3fc-5r. 5fe 
r. ^y3>*fe»KaQi&**iS-W;&>W (Va 
cancy. «TV iBSfET S C <fc#&£) £B?«ft£ 
S?LM©*Alli, -f>*-^fr>7A-i"j3> 

(Interstitial-Si. OTI £Bgl2-rS 
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[00041 V5a >JMgft(C*jl,»T. V««i I*. V 
acancy, 9 ->y n>M-fO^*>6^-r-S 

(4>&|,i) (Neutral. JtTFNtBg 

l/C. WE^n-W^B (F PD. LSTD. CO 

fc. ttf06rPC*ft«. ^FBiLTK#iSL-JQ:^C£*s 

[0 00 5 3 C ©W^IBOiftSB. C ZSCCilttSIS 

iatt«JEGtOB«*>68t*»). V«*£ I 
WffiSfcttOSF (BMtMSMKKB. Ox i dat i 
on Indused Stacking Faul 
t) iDftfftS^fil^. »JUSR«K:JWSaia^I© 

Ki-cifc^c y («t. osFy>* 

[0 00 6 3 cn6^Hfi£«eH©^R5«. «Atf. 3 

IBGc [Vim] £*ttJKB*#<E>ai**JBG e [*C 
/mm] i©MAG= I Ge~Gc I 
l^ftflKS hV'->: HZ£l^Ct*!*5) £ 
l/fcC Z5 l±lf «r«iW»*F^«:)sSfiaiflE*W86*» 

[ 0 0 0 7 3 * C ft 6 £ttA&&fr (BS) T^ffl-T 
•5 6. H7(C^l/ft:«fc J 5lC. mi3KS2^0. 6 m 
m/mi ntnU^&Jttm*S<!>«^tCtt. ^TLf 
7-©.#^R|*5^ o -f FSB i S ftrt» i F P D , 
LSTD. COP^©^a->^>^Pi*^ B 3 B S^[Sl^ 

wc.immc&&.h* cftp,xRi*^«ETssi««v- 

y y^««i"f«ftTt»S (I6®7-{> (A) . mi 
(A) #M) . ^iS31^0. 6 mm/mi n 

«T©lS^«, SSlgOiTKm^ OSF';>?W 
*£h!©S2^ 6 L , C © y > ?<D9mKM!tSL)\'- rf 
S2Hi#x.6ftri,i-5>L/D (L a r g e Dislo 
cation: #fflffl$£ffi;l'-:7'©B&#. L S E P D . 
LFPD?) ©^Ffi*5ffiffig(C#aL. Cft^^RSdS?? 
&Z>m.M®.l -9»HHI (L/D»dilr>5Ci*J 
**) iPftfft-Ct»4. RSSSS^O. 4mm 

/mi nSmKTifiaiCcrSiv OSF'J>Wi 
-^©*^(Cig^L-Cr^L. ^ffi*i I - y v*W*&. 
Sci (^6©5^> (C) . 17 (C) ) . 

[0 0 0 8 3 «ev - y » i — y s» 
«©wtosF y >if<o9mnc. N«wt warns. 
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^?L^H©FPD, LSTD, COPfe, BtiUb-^m 

nr i» c ©siigfoto s f y > if<oftWz. $> n . 

LSEPD. LFPD*sfsSSn5Ui* 
U ^T&ifcl,* I — U s» fiW*5ta§l/tl>5 
(S6©5-f> (B) , 0 7 (B) #M) . 

[0009] -r&fo^, c©n -mmz. 
«. 3i±ifaaa**a*>6fijstcTiffci*R:st&ifc?isi 

itLjW?i±U&#>ofc. C©:KR&K:reUT. #n>37 
3I& (V. V. Voronkov; Journal o 
f Crystal Growth. 59 (1982) 
625~643)Ttt, 3l±lfJBK(V) £!&JHSKff 
H*4:J5"|SjiSa£JE (G) ©J£-C*£V/G4l>5^5^ 
- £ jW&KK© * -Y 7-<t h - * ;I/&iftg*9lSr £ t PI 
AT OS. C©Ci*e.#«£, ®F*3 G£H.©S:fr 

isj) -csiiwaistttia— sottrrfts^ft, sf^t 

ar«*'i>*sv - y ? fStcN -swi<£&A,T/g22T 
i - y jfi^issivjiis^en^ofc. 

[0010] ^-tlT&ifi, ffiftOGO^-^&JiLT, 
C©*f»Tl/*>ffifiEL/tt*>"3fcN-1R«*. Mil tf. 31 
±tf 3ff V 4 icTimft h 3 \±Sf fcfcK . * 45 [± 

GJ^ifc*rf Stefct. C©N-^#«Cc£#^fcB#©3l 

U ^JaSrlilELT, * < STfe V/G#— ^fc&5 J; 

fc. c©±®N-«HiSiS B B a K:«yn->^>^PiA5±< 
[0011] 

(«JS) WKC. (HZ:*7hy 

t, ^gT©±iE^ffi^£tfci#-rsis^fc«\ hz# 

. ee^i L^ 0 a 0 ©©ig B ^f#6n-5 4#*to 

fc>> y n >Hteffi©*fSfe«:^p*-^^.5 ilfons/^ji 
-5r«EMT*4. «Atf. SlitfjM&fcTtffctfMI 

^{CJEB <* K??SWi:N ilB^fr^^Jg L 
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*>*0, *©f¥^»#**ttlR!«4ttoTSfc. 
[0012] ifc. c©N -««*ttiM»3^i»i«:lfc*:-r 

• zm-s. si^©s*fcfci,^r«. sLBfaus*. mi* 
4. se.tc. *sii!Higffl*-^-©HKaa«*©tt« 

©«Hl*jrB*S*sa/jN«tSe{fc*iBC l/TI,>5Ci^ 

o. -e-Lr. eh6#jera&&oT3i±tf«a#*B«fS 

10 SilTl^Ct^-jfc. cn-cB«ss©^stii&s 
STL, ?6 K$^B Jfi£3Sfl«|g AGtffciS* 6 ««S!lT 

[0013] C©J: -5 

fcfeO-C. Will«m«:J:»J3l±lfaflE* J ia3effi3&>6i1- 
n?cl«^©i*©<t 5 ttJWiaKJB*#®SE»K»Lr 

*SW4T*. 
20 [ 0 0 1 4 ] 

jSTSfcJMcJkSftfcfe©-?. 4:»9!on^g 1 (cett 

j&fcws-rssteccfco-c. d>«c < i tas»»iai©— as 
o o-c©p^©sa^iEG (amE<tM/maMJrtm 

S) [-C/mm] ©S*fil»**J«Hl.. ^©fci&iiSJi 
30 ^iilfiia^V [mm/mi n] il/*©V/G [m 
m 2 /X; ■ mi n] ffljWN-««i«t5**«H*>e>^ 

nr . mjjfo<D±m v N-mmt out *> & < u •» terns 

/Jn§<U> V/Gfil^S^ i &iB®l.-CG©^[°]«i4 ; Sr 
^S<L-. V/G«*aE&fiI©^ffirN-««4Sc5J: 
5 «C tf K -T S C 1 1 1*« i f * 2^ y a >#SH©Si*75 

[0015] C©ct -5 tc. it>3tc < 4 fcSKS^lS]©— 
■CigS©a*I»J©^®*SN -««4A c c4J;^K:L mill 
40 ^?I±lf-5JS^K:, 9|±^©jPAflHt6W©WM# 

[0 0 16] C©1©^, W#^2fCfe«g.Ufc«fc^(C, fa 
f23l±tf^©^F*3^it©ISfiS«. <ia©Bftlfffi©^-J9 
Ka*tt©H*WiESHIMf*tS!ttT. ^^MT^iSliS 
50 MiWP^FiS [mm] *iag5-r€» C £(c «fc 0 ?f 5 C i*5 
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[0017] *5m(Dmim3ic§d£ii,tcftWte x mm 
>< y n >*Ma*»ie-r s c i s. 

[0018]* L-T^W©S^14 {cSEfg OftJS?! io 

torn mzmm? z c t t r y n >^^©ts 

©3c*H©fc«?>^S& 5 **ifi5«*i* 9 . c ©ga*K# b 

xtpftMm.zmwfcm&-ffiimwi><D3:ffi-cN -mm 

£ ft £ -> y n >m§ik&m&T SCi £ -5. 
[0019] *^©»*S5(CgSgL/fc^W«. ^F«3 

D/cBf K > -€-©l£g^frt?if>& < £ fc> 2 ill-XtO^fi 20 
iIK©£ # tcS^TSj©^H-CN ft -5 <fc 5 ft£?f*3 

mg.zg.mT c t zft&t-tzi' y ^ >JW6fi©«j62r 
8rc*3. c©J:5«:. ^rt«i&t«1-©»l^fr€rS^ 

x-y 7 » h £ft* «k 5 tt«si*3««*«sccjW?r * c £ 

[0 02 0] S 6K. 2fc^©gf*®6 KfES&LTcS&IE 30 
tt. ^«®WJ+©SJ^fl=©^S6(c^»G©S^^- 
W*i^bOfc«F(c. -e©^S^iEfiitcH-#-C#-5.->= 5 
U-££ffiJSLT«?#TU S:fr|6j©:£ffi-CN-$figj£ft 

^F*git3t?rmffl-rc £*i#s!i£-r •*>-><; a>**&fl© 
[0021] c©«fc ^ ig3t^ff©^a&«:{*5 g©s 

or«?tff-rs^6«> ^86L/cM^ffTT-©S3&IfiI© 

Tt^gK:Jia}-rci*s-C*5. 40 
[0 022]* LT . #*HB©8|3J0B7 CCEttlsfcftB 
tt. ^rt«JS«iKDSJ^ft : ©^«tcm>G©S^» 

^a^-fbUdSic, *©SJ»*iE?tccsf#-c£ft(,v $> 
GfifSrib-KLT. *B*»©**IM>V/GfB*3E«{fc 

t/tfcD-c, ^tcjprt«aetfi.©ftff:*ggto»). xb# so 
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=Sa«SE{fcOfc*§^«c. $ae#«>fcV/Gffi£» ^{bL/fc 

it^l/T, GCtt^lIbtt*, ff-#Gffi*p6*©^ 
fTC©IIWGf8^©lijE««t*OT*>ir»T. ^c«:«* 

^jdj©^®*5n - fm & ft a jFrt*»*.Bffi-5- ci^# 

[0 02 3] C©«fc5K:. *+#ftJS?«TL.*>tH*ftl,>5>' 

» s u - * ©t&^«> ±fe©«t 5 ft^rare 3 i±tf»awg 

[0 024] ^«C*^©»*«8 (CietEL/c^Hjtt. 

KrfBXPi^iaKfetsr. 5 i±if 

OSF'J>y®flffl7-fX OSFy>^© 

^fflijv -r >. v - y 9 HiiffliN 1 — y s» 

5 >©nfi©il>ft < i 1 V/Gfii(C J: 0 

.^SfbLTfct,^, jFl*3«3£lJW©3gj^#^fo-?fc 
Ji^tCfi. I5l*tt?|±tf*fflr». W6»**sSEfbL/fc» 
^(C. *CC*abfcV/Gttt5l±lfita[%f!lfflUrttJ| 

S3Eriqi«:#«»{iMr©G©tt*aWL.. tf-StGffl^e 
■e©^fi=r©niiRGfii'N.©fflES*?i-SL,r*jt»-r. ^ 
{c«*ttjFrt«jfi©»«T*m\ *©*S^K:c©ffiIE4 
tT-^fci-C^ AG*s»^itt4^rt«K6*«-j-c itcj: 

t*Wkt*z>*s »;3>«6»©«as*tt-c*s. c© 

r©S^|Sj©±BD*SN - ««£ ^ S^F«3«3g*Jt«a«jS 

[0 025] *^©IS*59 fClHiSLfc^ti. a 
jux*-i£ct «fc o ->y a>*tsa*Wft-j--5»^{c 

*Jl>T, 3l±tf^P , 3©j£a»^<!:gi±tfaS?:P3gi5U 

ii>ft< ife*sa©a*iRi^ffi«:3e)sssn4N-«i« 

^S B ^©l473l6ltcK;^c-r^Ji^K:, #§LfctftTOr©* 
'WI±lfaflBDft«AV [mm/mi n] tc»|£Ute* 
A©AGJKT£ ft 4<Frt«6«:j: 0 ^ a B B ?r? [_Bf 2. C i 

* w« t r * s/ y a ><«sjBW) wt*&c * . c © «t 
^tc-rntf^ #?i±if^@w©?i±tfae^iiitii{c»icD: 
ufc*Frt«as*s«i*esn. ^©s^isnc^snfcN 
- a©w^d tcst^-r s c <t # . *ti &# 

[0 02 6] C©*^, f»*3Hl OKlHigL/fcJr^K:, 
mri2&3l±lf^HW©AV [mm/mi n] K*fU 
AG = — 6. 5AV+0. 1785 
©Hg^T-3£$SAG ["C/mm] IIWTKft S £ 
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«*ipuc n -mmzmKLttiis&nois y a 
[0027] *^cds»#^ 1 1 iciffiutcmm 

JBW>S#fil©£ffia»N -««i«c5 J: 5tc L,T*Sfl*3l 

ttft 6 ft < ft o fc *B£(c . 5 FJbfcT fl^rtflUSBtfr 
©«3fi^«B«LTG©a^«H*^§< U V/ 
Gffl*S*i3i©^tBr N - 4 ft £ «fc 5 fcfflKCT S C 

<t **as 4 * s f y a >**&a© wwrffi-c $> 4 . 

[0 0 2 8] C©J:5tC. jPrtflBfiOSattpWJlHifeo 

•cs^f°i©±ffir-N - ss«4 »& e. ft < ft -3 fcjg^-tc 

*/Jv5<U V/GM*fmKD£irrN 

j^s*jgstrsci*J-r*s. 20 
[0029] c ©*§£-, m&.m&-r at* 

#6. cn6K:«fcD. ^ya>l«©»ifeMB»S*i. 

s. 

[0 03 0] 5 ee. *9tf!!«>lt*a 1 4 KIBt£l-fc#& 
feS©a^|Pl©^®*SN - fi«4ft £ «fc 5 &c 

-*raB*»afc«>©t&BB \±tf&sw&it l 

tt. -tftfcj£D-tN-fW'&»*fc*©iB»5l±tf*S 
[0 03 1 ] C©J; 5 m4ft£til?r©aS&tt4 L. 

•t:^^ijf©ii«aaf*fflsofc*B^K« % amjs-MS 

SHieESO^K^SSSJiSGK:^^ Si?S4tt^ft 

•J. G©*6*HiI-?-©fc©as^M-$-*. *-Sl>ttg$i?gg 40 

*ssifcr * fcfe . *© $ s ©5 i±w SMtc «n - mm* 
©£®-r n - ft s ~> y 3 >#|gfi* j&atr 5 c 4 

[0 032] C©J&£. igJfcS 1 5 (ClBttLfcJ: 5 «C. 
■C. *©«BLfc5l±W3»t*»|MCLr, if j£ 
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togas© -> y 3 >4USA«Hfi-r s c 4*5 r 

[ 0 0 3 3 ] * LX, JtmXDm^m. l 6 
WB. IH&91 te<r>lslt*Bl 5«ciB«Lfc*j*tW« 

lft^kiftJ&Bl SKigSBL/^ffitCfc-oT^y a>ig 
ttftfcWfrr tilt . fc 4 ilttSLic J; o -CKife^fr^tb 

*»K jE««tC<«IT £ C 4 m . Mh^©S77[SI©^M 
■CN-ffl^4ft»J. »i©l»*|^©lZMH-CN-««i 
ft-S&ffi^PB©^ y 3 >*£A£K&-*-£ C iiHTf 

[0034] $ 6fc\ *#6HJ©iS*S 1 7 rc§Ei£l/ft:|l 

bj«. gwej i 6 icmmzntci/ y a >«iiA&> <=>sgjs 
$tifc->ya>#ilss , t'i-^-c*^ 0 c©^^^:, * 

-> y a >*J& A x - /> ifg A©:£MT N - flMTC * 

0. @fi^Fi-r*s©r. iftTfffl&i"] a>-j;x- 

/N4-T-SC4*iT*#S. 

[003 5] JKT. ^^(Cot^BtCiaW-rs^. * 

^BjtictieKPg^snifccrttft^. sftBjK5ts:^ 

1) FPD (F 1 ow Pattern Defec 

t) iw, j«sa©^ya>jiusa»*>6f 

0 Hi U ^ffi©M^S ?r*M 4 itOlMTi ? ?=■ > 
^0-Cffi»)B«.»*ia. K 2 Cr 2 0 7 4^K4*©jg^ 

^* ; &FPD4ft5L. 'i7x-/^fflF*3©FPDSS* 5 i^t,i 

K<sr»bBWE©*jaau»*..& (#13^4 -19234 

[0 0 3 6] 2 ) SEPD (S e c c o Etch P 
it Defect) 4tt, F PD4I^— ©S e c c o 
x s, ^> ^<&SfebfcB#{c > (flow pat 

tern) fcflss fc©*F PD iPKf. sSn^t^ffto 
ftt,ifc©^SEPD4^. C©cf-c 1 0 mntLk©;*; 
t^SEPD (LSEPD) «f£<i£'7X£-&CigH-r 

^ C©efi^jiD-cm^*5y-^b. P-Ni>-p>i' 
~>3 >4 L/-C©«fg^^cS ft < ft 5. 
[0 03 7] 3) LSTD (Laser Scatte 
ring Tomography Defect) 4 

». fi£ss©^ya>#fes^*ie,^x-^^t3m 

U «B©jE*»**M4aW©JB^iBrrx 7 * > L/ 
(Jpn. J. Appl. Phys. Vol. 32, 
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P 3 6 7 9 , 1 9 9 3#jJS) . «E©W5£rtt k 

[0 0 3 8]4)COP (Crystal Origri 
nated Particle) <tte v »2x— ^©t£,ft 
»D»IJ«E^fbS**rai«t**JBr, Sec 
cox^TliFPDtc^^Pg^ SC-lgfe^(N 
H 4 OH:H, O, : H 2 0= 1 : 1 : 1 0-©JS^*5C 

ft £ o COf^F CDita« 1 m m J£iTr*tfcaffi r P3^ 10 
£ 0 

[0 0 3 9 ] 5) L/D (Large Disloca 
t i o n : f^lBIKffifl'- Cctt, L S E P 

5J«t*i ( LSEPD», JiIBL/tcfc^KiSEPD 
©*-?& 1 0 vmliX±L<Djzt^t><DZ\<>5. LF 
PDIfc ±ELfcFPD©*Tfe3HBtT!7 h ©**<*# 

[0 04 0] 20 

^y-*iLT«Jigi±fcfSfflEV [mm/min] **§E 
[0 04 1 ] *»J8#6tt, 5fe^c#M¥9 - 1 9 9 4 1 

D, LSTD, COP©a*JfK5>ft< l L/Dfc# 
[0 04 2]^Ct, C©^.*- h^I/ft^fjcfc^x- 
SilfittU, Oft (SLhfcf) i!g<bSK£]I2©fl§<&©# 

Hrto^BKDaffid^ifesaE-rsiftH^ 

Ci^lffl^ JI*'b^U£&JE Get tSS^iSSP 
#©&K2gi!G e <t ©HAG [°C/mm] = IGe-G 
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[0 04 3] L*LftjW6, Hu2i0fccfc5K:, AGttiJ 

w*©tt«srt«to*tt6r, ^©ffe©t5^#©^ 

^iS2L/c e ^©SfSJH, f*0C 
En^T5«B^©^i?l±^*©^ B ^HK2S*S!<t 

[0 044] *ft«jftH3E<b Or, ?l±- 1 tt, 

(HZ - 1 iTS) HlfiSiS3iUS3 0 

OOGau s s, &JHeI$kS1£ 1 5 r pmil^^ft 

L^icfc^CC, 5l±lf^3 0r. 1 8>f >*536rt/S>?K3 
2«CJW»*tS»2/y rj>£4 0 Kgft-^U itt^6 
M<10 0>, BHKftB0cm©^'j3 
>#tt»»l*5l±tffc. *£ B ^© 
BKftfl 4 ©it«Ccaitt©a«ffffiKJ»» 8 ^Sgl . 
^Wfl»WT^41KK®3<b©raK:Pai8S [mm] t»J 
fck©T\ S*8H«5-r*Cttc<fcDG*5<l:^AG*WIBI 
«Ci#t»4. HZ-lT>te\ S = 3 0mmr^ 
U ttl*4i»SflEG c = 3 . 5 5 1 'C/mm, £j| 
12Sg«Ge = 3. 5 5 2 s C/mm, AG- 0. 0 
OrC/mmil/Co ft**, cn6©f»FEMAG 

[0 045] COJSSttH 1 ©^B^^GCt^O/cJ; 5 

©<h#, N-liWDIRfftt^aiftorfcO. fc*dEfc 

ffi^snfcfccDT, N-^©iSsa^fn3-©ffi^cfes 

gt*5c<b^ e cert 5, N-««£tt, OS 
f«« (osf y>^> *«*v-y ?*mmt9tmt 

i66^4^rt«ttteJ:Df*©«g*©H«*a 1 £ 

#W£HIR©G*y>ft < i bfi»B9«c*ot(f*« Ci^ 

[0 04 6] 
[II] 
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& a m £ 






(GaiiSB ) 


(rp» ) 






3LL- i 


3000 


1 5 


HZ-1 


HI. ^HoN-fTO 


3l±-2 


0 


1 5 


KZ-1 




§l±-3 


30 00 


5 


HZ-1 


03. ±SN-attftl, 


n\±-4 


0 


1 5 


HZ-2 


mi, £MN-mm 


§l±- 5* 


0 


1 5 


HZ-3 




?l±-6 


3000 


5 


HZ-2 




3i±-7 


3000 


5 


HZ-3 




5l-b-8 


30 00 


1 5 


HZ-2 


84, £®hr-f£fg 




3000 


1 5 


HZ-3 


H4. ±®N-ffitsS 



[004 7];XK?|±-2iLt, HZ-1 *4WiU 
«58*§?&gO G a u s s . 15rpmil> 

m 2 (cts u «fc 5 . o s f > ^*sm> tcia b & «fc *> 

#< ft-SCt^^O-COS. &(c-g*.tffl&*I&g*_h 
tfftWLBfSH. G c < ft 9 . Ge«/J%5 <ft-5 

[0 048j^t. 5l±-3©S»*fTr>;fc. HZ- 
iHf^K3000Gaus s. 

o s f > ^*^s>tcB§ d £ «fc 5 ft$W£fc: «£-,rtr> 
fc. c ©*§-&. #K:£MN-^i35ift£gp#w:ai< . c 
nttt^i n - mm t ft s ifenafH-i a t» c <t tc * s . 

GcifiTifiK), Ge*sX#<^C-5Tl f ifc„ 

[0049] mmmxmafi>9smsB9icvmiy. is 

HiH«BiEei33^ll©^^ffirti^— tt^cH&T Z>>^ 

C©<fc5^tB^{c» v BIHPrt«ai 
(HZ) *ttfflL"C±ffiN-«*ia5Sa%«»r* 

fcEBT, 5l±-3"Ct*^<jBJtT*tt«,». 
[0 05 0]* CT . §tt^lLfcB$(DN -SM^bb 

^©a-fb«:«t 9 G*s^sj-r^©r*$>n«, -enKriiiij 

LTHZ£gHU G*W8rrn«J:t». iMKHZfcH 

[oo5i] stria:. hkkj^&kj: 0 . hz**&5 

MiE-r*i«J:C>©r. AG^ft^ifSCK^ftHS 



K^3nr^SraR5S^^ML.-CHZ-2. HZ-3© 
2ra©JFrt«jS*I«tU ?l±tf^fofc. HZ-2 
"Ca. S = 40mmK:S5eL/ > HZ-3 "CU, S = 5 0 

[0 05 2] ?|±-4«. HZ-2£&fflt,/cJJl*1-«S| 
±-2 (8BE*B5SS: OGauss) 3Lb 
-5tt. HZ-3S«fflUfcKW3:5l±-2iHi;*fr 
T\ 3LL6«SBB«*0a**ffr>fc. 5 Lh- 4 
20 SHCfiti, OSF V>i>'&7?-? KC^S <fc5ft*£H 
3&s»6iifc. Sfc. 5l±-5©»£tt. ItCOSFiJI 
jWMM^S KBB D S J: 5 ft 0 4 ©<fc 5 ft:^ £ ft -3 fc„ 
3 1±- 5 ©JS^«. ^MN -MJ^©®ffl«S^ < ft o r L 
£ ©it|5^(^-C«H Z - 2 5:ffflOT5 IJhtf S © 
N-*tt©lflWfcJ£<£^C&*i«-3fc. fftto 
■fc. &»©^*4uhTS £(,> 5§^&#©£tt*lffl|!S 

5 ft SBft &XKa4p-&« SCimi. 
[0 05 3 ] &(C. ?|±-6«. HZ-2*ffiffiL/cJ£[ 

30 mm\±-3 mamistat: 5r P m) tmcgkfr 

-C. ?|±-7tt. HZ-3£ffiJBl/fcfcWi5Lk-3 £ 
HC*ttt?. 3l±tfjSa9W©!**fT-3&. 5l±-6© 

F y > y*sjt«KH D ftc^ <fc 5 ft^flJtCft -o ft. § |± - 
7©if^ii. HUc2«r»OSFy>y*qt»fcBi;5J: 
5ft»ffi«Cofc. C©Jt«t@l«-Ctt. HZ-3*SiR 
■T5©as^t»it>5 C £tcft£. 
[0 05 4] *fc. 5l±-8. fl±-9£L-T. ?|±- 
l©#fefr («JSJS^^3 0 0 OGau s s> "CH Z - 
40 2. HZ-3*flWil/r5l±lf4<!:. 5R#ifcH4©J: 

/c6S4 ©«fc 5 ftfl-Wtft o7c«-^«, AG^O 
v-l'^^Klft^rt^©'^, HZ-3*e.HZ-l©^ 

rsi. Tftt>%. AG^^#<-rs^(Sj^rt«j» ; &pii5 

[005 5] J£(±lttB^ Lfc<fc 5 (C. ^fJ4Ht£^©S£ 

£*©«fc 5 ft^ffcM^©^ffi-CN 'J 
50 3>«fta^x-^t«j|M-^ct3&JWift-9fc. 
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[0 05 6] «±©«W! £«««:. OTtttif ©9»pPA 
B£&oT^|oJ©£fflr.N-&J8£«&6&< fcr>fc 

ffi*»*4vS<U V/Gfil£&:fr|Sl©£®-CN -®m 
£tt5J:3«:Tfttf. S#fll©£ffl'eN-fWrt£«cS5' 

[0 0 5 7] wTiHb/c«t5(C. a^[6]©^ffi-CN-fl^ 

<> Mtt&m«R»<amr»6nsirMttt6ii< . io 

[0 05 8] *r, jiFrt«Jfi^©«awrffi^*SfiiaiK 
#«> & *i * c z as \±tfjpft<Dn-&&mMVr v - 

*t^SI©G%ta*W<J(CiEfitK:*«t) £ C £ BHlf fife 9 . 
J±jR**T*«ct»»^t)*i. ■ec-C. attW&H^Tcf 20 
*#ttt*RSrc©ff«#ffi*ftttl/fc. 
[0 05 9] *S— o©^T?l±lf fctt*£. 
5 U-^a >©^^^-*5-tf etfi&S*s*£. IKK 

«fct,^ ccrii. IJiBfLL- l ©Ssfr-cj^ 5 i — is a 
XDMS^^cfc^KiS^n^. C©£ -5 
IwMWBi 3l±tf^*«*IW5©OSFa8S 
©#^K#fiT©§i#£ . j»*Tt?*ft&G*»6«I»J tB bfc 
V/Gffi©#:?fe£it^t,T. OSFF»3ffliJ©5-f 

>*sv/g©*-5>— o©ffi-c^sn-ct^nii. 4>&<£ 30 
[ o o 6 o ] smzmz. ^w5^.(?i± 

- 1 ) TSI±W8ttilri©8R*m\ OSF ftflSK O S 
Ffl-flB. N <V) /N ( I ) I-'Js ?•***© 

S«l?*J«fcO'S{4®r©?[J:lf jISV^HjfilK: L-Cfc 
< . 5KKttfl©fii**;fc* i^fc$t^J?ff«fot 

«OT««w*v/Gtt:j:»)jaWfcLr*j<. 

[0 06 1 ] C©V/G*£-aTg9©Slf&©G*S££LL 
•Ofci*-*,. mtf, 3LL-2©*§-£\ OSF>;>^N 40 
(V) /N (I ) I-!)»?«n»*ifc<J:5 

5fe(c*»fcV/G*>6. ffSWiOSMiOGSajlU-C 
j&sWc. t©*§£\ G©ffi*S«f«fffl£jl^L-C. igS* 
7%> V/G©*J^H©«a (fl^rltl*© 
g*©frlM*3l8) r+ 1 . 4%i%otfci), ?l±-2 
©^©GO^j&^a&fcftfcc £tcfc*. 
[0 06 2] t©«fc5fcUT3fca&fc?iiEffi*<£rai/t\ 
^•JSttJFl'g**©* **fr 5 . ««S[©&JS?*t *m» . 
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G*i77? Mcfc-SJ^fc. -r&t>^AG*S0K:2< & 

[006 3] «±£ra*ft*atr. ttastataseEi? 

©G©**iE«*»ttiU *©»IE*ttiftLfcJii*r*fT*. 

fc. £*© «fc -5 tt«R»bKS«-*5a6»ff©SEfttc fc^ 
[ 0 0 6 4 ] &tC, C©S^[S]^:ffiN -&i$*£S©fifcg 

^^a^DitsttKoii-ctfw i/fc. m i ©*§£• 

B^<rae«M<. *4^^©S2s«c«SSr*»). 02 
*4»JH 1 ©<fc ^ CCO S F y > ^JtittcBHD 5 <fc 5 
[006 5] £ t 5t\ 3[itfjpKB, fiS3HW©fc#> 

©aaa»«c5i±w r aisv©ii»*»i5- ! e-3f-i®i©H^ 

©3l±lfie*V©Satt*J*«). C©S!SbCcJ:-,-rN-M 
$£ & S V/G©©H#> 6 ^nfc^Ffc 2^n— W >^Pg 

tm&rz. 5i±if^©AVK*f-j-4v/G© 

®im&$ti&. C©AVtlki^AGi©^MN 

-««sm©v/G^e.*fcyt£c5. SIJb&flFHW© 

AV [mm/m i n] (C*frU AG [*C/mm] #s, 
AG = — 6. 5AV+0. 1 7 8 5 ©W&55>i=>:5££ 

^.ffife(Tcc-rn«, N-««©«K*isj^©iyc*»Ks 

-rSC£=lr^mLfc«, 

[006 6] *^WKtt3 [Jbtf jp©AV*5 o . 02 [ m 
m/m i n ] ©B#, ft^fFgAG^O . 0 4 8 5 ['C/ 
mm] jyTK&ft«£5£-rSC£ltftS. ^Ct, AG 
*S0. 1 [-C/mm] ©^(*3lfig*5<tD^^fr (?l± 
-8) £0. 0 2 [■C/mm] ©^W^te«fci>*^^ 
# (?l±-9) JS£H*36nfiJ©G©£fl:*#*l/T. 

5, 3l±-8-C«Bff£C:5-CFPD^LFPD. LSE 
P^^cfcj&s, ^©ausp 1 0 c 

mtmt^n-W >^©i??SE0*t^a©W*SK:fi5 

[006 7] tTF> *lBW"C«ffl-3- 5 C Z ffiK <fc 

«§i±if «s©«««*ia5 K«t o iftBj-r^.. S5 cc^-r 

•fc^CC^ C©fl«Sfl5l±tfi«3 Ott. 3l±Cf^3 1 
£> .?l±CfS3 1 <picm}t>1ntc)l>y#3 2 £. ;L-^^ 
3 2©SffltCi2g$nfct-^ 3 4£. ^'^**3 2*111 

es-e*^?*KflB*W3 3Rot-e©@is»« (hs^ 
r> £. j";3>©«s*5*fia*r4i'- F?t»f 

6£. V- K^+^^6f:3I_hlf-S'7-fi' 7 £. ^-fi' 
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mZtlXm. JWtfZZiZ. ^©F<3lII©-> ■; 3 >jm 

too68] ttc, xmiom&ii-micMfrzwmgin- 

3i©^(Cl~l 0 cm©raPraS^ttrgg$n-5., 10 

corpus tt. ^?i±ifg§^©Ji''>#©{4g. mm 

©StcJrofKgS-rsctJ&st? gfltcH^cUR 
«ct/r «>£»,». Sfcte. teSjM/*£?fc#tf»fc»). ISM 
*SWSt:ife*S. S9K:. 3l±tfM3 1 ©*¥:frft© 

U ^S©^^KS'fett*^«t5K:L.ru5. 
[0 06 9] ±IB©#MSf [±lf £SS 3 0 tt<fc -5 20 

-c-> >; 3 xDisp^^m^jm^m^ <» 1 4 2 0 ■ 

-T t 4 cc <fc 0 14® 2 ©Sffi «&4»4>SWcfStJl 5 ©3=4s5£ 
©^[SHclllES^iifeK:. 7-ff74ilsSt?i;*s 

T 5 1 4 «fc ») B8RttJ^©*«*S# 1 *» 4 C 4 #7? 
#6. 30 

[0 0 7 0] £©*§•£. *^r-». ##sii?©gifr£ji 

tf^3 1 ©i*§M3±©igfSII1g 1 *©S?tK8|5#©ifJS£ 
PaCCte^T^ &B£#©f§li©gfc&*>i=> 1 4 0 O'CS-C 
(D&gm&fflfflX-S £ «fc *> (c«tf^(DSifiJf SKMM^ 8 * 

[0071] -i-ftfet. c©^p*gss^$(iai-r.2./ci6 

©T4g4®»£Sl®3 i©iaPiS*^9jLtf 1~1 0 cm© 

mRx#B?m*£^. c^-rn«. ±iffifesifi^ap» 40 

«WfiflE«JEGc [*C/mm] 4*6iiJi2gp#©fflK£Jl2 
Ge [*C/mm] 4©^AG= I Ge~Gc I fcHrWT 
•5C4#-C£S. 

[0 0 7 2] tSU&rtltf y =1 Jfc®8i&£&-?St 

if s n/o y ^ ±ff c ©-> y a >m s B 4 x 

7^f^L.Tjien5i"j3>iSS B ^x-Att, fef|© 

©TlS*£iffCN-*[ttC*»). SfoTFPD, COP 
f©yn->-f>Xffi^LSEP, LFPD^©fe{4^ 
7 x £ - # 9 x -^±mfa ic&te Ltei, m&Xffi src $> 50 
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£. 

[0073] tt*. ±jB9mrmtCK&2tl 

& £ t ©r * t oy^mvmmic^ s n £ . 

[0 074] flliUi. iffilOfe^SStcte^-rtt. iES 6 

-r_^©-> y n >«fea*wsrrs»^«:o*«**if 

■CKHOfcrtJ. 2fr%Hj«cnK:tilES$n-r, ass- 

i 6^>^*5mj-c-n«±©^y3>*iesKfe®ffl 
•c*s. ->y ^>a««:7K^aJs. <a 

[0075] 

«-htft9§LfcJ:5«:. *ISSicJ:htf, 
if£H©3 Lfclf #fT*>*iTV 5B#, *f SL* 5 t,» OSBNOc 

*¥j*is* wwjcwfflf-r * c 4 fc «t o xmrn^im t tt 

•3. 4'©<fc5«t^ff : T-C4>gSUT:^MN-^«4&S 
«S^?r? [±lf 5 C 4 *t-C# , ffiffi^RI^- 'J n >^*S B ^© 
#S'3 4i^©lpl±^ESC4*5T§^ 0 *fc. 451 

n?c©-C. ^rtm3§^®^«:lS©-r^C4(cj;o-CEgS 
^I°JK feSS It^IN-flWi ft Zmgh* 5 l±lf 2. C 
4*SBjfg4tt-3it. 

[HI] ^g3l±lf^n=r-gi*L,/ciS^©. ->y n># 
M B e B#73lSlic*}W^, JS^©S^|6]{5g^«ft4 31 

[ 13 2 ] 0 1 ©3 l±tf h tb LtcW, 

[03] HO? IJbtf^*>6giJ©**-^fr*s^tt L 

[14] H109l±lf*fr*»6f6©**-^fefr*«aa»L 

[05] #«W-CttELfcCZftfc«fc**»fi5l±W r « 
M©TOIftHJ0f*-5,„ 

[06] f£S^5l±if^JciSj^W**iaiR:*»»s 
*S B 3 B©S^(^fiS*««l4 EESiS^^«4 L^ci* 

[07] Se*©3l±lf^ffi{cteW4fI±ifjIS4iesii 

rt^fi^mioHfftan/fcSiwia-c**. <a) ism 
m±if<D®et. (b> 4«5i±tf©ti^. (Ofiasi 
±if©n^. 
[##©^] 

i -dWKiiM*. 2 -j f«3>iw. 3 -mm. 4- 

^> 8 -Jgf«SEI!tBBfl»W, 3 0-Htt*5l±lfR 
3 1 -3l±lfM, 3 2 -A»3>jK, 3 3-JU74(flm*. 
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3 4-fc-£, 3 3 6 -»5. S 

mm^mmmtrmtcomm, v-v - « * 
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20 

t *-N-«HL OR-OSFB* I-I-y*l 
N* (L/D««) . 



[HI] 



[12] 




oo aoo 



0 WO 2)0 




O 100 2DO 

Sa&&& Cmm) 



[H4] 



[15] 



[16] 





C72)«^# IEH F^-A(#^) 4C077 AA02 BA04 CF10 EC25 EH06 

a?®»S*il3?Sa52Tai3»l# EH08 EH09 EJ02 PE22 PF51 

i(»S#»iBi®rfi PF52 PF55 RA03 



JP,2000- 178099, A [CLAIMS] 



Page 1 of 3 
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CLAIMS 



[Claim(s)] 

[Claim 1] [ when manufacturing a silicon single crystal with the Czochrlski method ] at least in a 
part of growth direction As the whole surface of the direction of a path of a crystal serves as N-field, 
when pulling up a crystal, manufacture conditions other than the structure in a furnace of a pull-up 
furnace are changed. The direction distribution of a path of temperature gradient [ between 1400 
degrees C ] G (temperature variation / crystal orientation die length) [**/mm] inclines from the 
melting point near [ under crystal ] the solid-liquid interface. Therefore, it separates from a certain 
range where the V/G [mm2 / **, and min] value when setting a crystal pulling rate to V [mm/min] 
serves as N-field. The manufacture approach of the silicon single crystal characterized by adjusting 
the structure in a furnace of a pull-up furnace, making the inclination of the direction of a path of G 
small, and making V/G value into a value which serves as N-field all over the direction of a path 
when it stops becoming N-field all over the direction of a path. 

[Claim 2] It is the manufacture approach of the silicon single crystal indicated to claim 1 
characterized by for accommodation of the structure in a furnace of said pull-up furnace preparing an 
annular solid-liquid interface heat insulator in the periphery of the solid-liquid interface of a crystal, 
and performing it by adjusting spacing [ of this heat insulator lower limit and a melt side ] S [mm]. 
[Claim 3] The manufacture approach of the silicon single crystal indicated to claim 1 or claim 2 
characterized by adjusting the structure in said furnace to fluctuation of magnetic field strength when 
manufacturing a silicon single crystal with the Czochrlski method which impresses a magnetic field. 
[Claim 4] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 
characterized by adjusting the structure in said furnace to fluctuation of a crystal rotation rate when 
manufacturing a silicon single crystal with the Czochrlski method thru/or claim 3. 
[Claim 5] When the direction distribution of a path of G changes with fluctuation of manufacture 
conditions other than the structure in a furnace, use at least two or more kinds of structures in a 
furnace on the manufacture condition, and the pull-up which makes a pull-up rate increase gradually 
and which pulls up or is made to dwindle a pull-up rate is carried out. The manufacture approach of 
the silicon single crystal indicated in any 1 term of claim 1 characterized by finding out structure in a 
furnace which serves as N-field all over the direction of a path at the time of a certain pull-up rate 
thru/or claim 4. 

[Claim 6] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 
characterized by finding out the structure in a furnace which analyzes the effect using a correctly 
calculable simulator, and serves as N-field all over the direction of a path when the direction 
distribution of a path of G changes with fluctuation of manufacture conditions other than the 
structure in a furnace thru/or claim 4. 

[Claim 7] When the direction distribution of a path of G changes with fluctuation of manufacture 
conditions other than the structure in a furnace When the simulator which cannot calculate the effect 
correctly or does not perform such a comparison is used, [ whether the simulator is doubled with the 
experimental result obtained before changing manufacture conditions, and ] Or look for conditions 
which suit an analysis result and the value, and V/G value which broke the pull-up rate V of the 
crystal pulled up on the condition by G which can be found from analysis is compared. V/G value 
previously calculated when V/G value of each boundary of defective distribution were quantified, 
then conditions other than the structure in a furnace changed and defective distribution changed, The 
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pull-up rate of a crystal and defective distribution which were newly pulled up on the conditions 
which changed are compared. After counting backward and calculating the value of G, calculating 
the amount of amendments from count G value to the actual G value in that condition, analyzing 
structures in a furnace various next and carrying out this amendment to that result The manufacture 
approach of the silicon single crystal indicated in any 1 term of claim 1 characterized by finding out 
the structure in a furnace where the whole surface of the direction of a path serves as N-field by 
looking for the structure in a furnace where **G becomes min thru/or claim 4. 

[Claim 8] In said defective distribution map, dwindle a pull-up rate at a low speed from a high speed, 
or when increasing a pull-up rate gradually at a high speed from a low speed At least one or more in 
Rhine which boundary Rhine of inside Rhine of an OSF ring, outside Rhine of an OSF ring, a V-rich 
field side N-field, and an I-rich field side N-field and a dislocation loop begin to generate are 
quantified with V/G value. When manufacture conditions other than the structure in a furnace 
change When the same pull-up is performed and defective distribution changes, pull up with V/G 
value calculated previously, and the value of G in each boundary location is counted backward in the 
direction of the diameter of a crystal using a rate. After calculating the amount of amendments from 
count G value to the actual G value in that condition, analyzing structures in a furnace various next 
and carrying out this amendment to that result The manufacture approach of the silicon single crystal 
indicated in any 1 term of claim 1 characterized by finding out the structure in a furnace where the 
whole surface of the direction of a path serves as N-field by looking for the structure in a furnace 
where **G becomes min thru/or claim 4. 

[Claim 9] The manufacture approach of the silicon single crystal characterized by to pull up with the 
temperature distribution in a pull-up furnace, to adjust a rate when manufacturing a silicon single 
crystal with the Czochrlski method, and to pull up a crystal according to the structure in a furnace 
which becomes below the greatest **G corresponding to minimum pull-up rate range-of-fluctuation 
**[ of each pull-up furnace proper ] V [mm/min] when expanding N-field formed in the direction of 
a path of a crystal at least to the shaft orientations of a crystal. 

[Claim 10] The manufacture approach of the silicon single crystal indicated to claim 9 characterized 
by adjusting the structure in a furnace and pulling up a crystal so that it may become below the 
[**/mm] value to **V [mm/min] of each of said pull-up furnace proper. [ **G which can be found 
due to **G=-6.5**V+0.1785 ] 

[Claim 1 1] [ when manufacturing a silicon single crystal with the Czochrlski method ] at least in a 
part of growth direction As the whole surface of the direction of a path of a crystal serves as N-field, 
when pulling up a crystal, the structure in a furnace of a pull-up furnace changes. The direction 
distribution of a path of a temperature gradient G inclines, therefore when it separates from a certain 
range where V/G value serves as N-field and N-field stops becoming all over the direction of a path, 
manufacture conditions other than the structure in a furnace of a pull-up furnace are adjusted. The 
manufacture approach of the silicon single crystal characterized by making the direction inclination 
of a path of G small, and making V/G value into a value which serves as N-field all over the 
direction of a path. 

[Claim 12] The manufacture approach of the silicon single crystal indicated to claim 1 1 to which 
said manufacture conditions to adjust are characterized by being magnetic field strength. 
[Claim 13] The manufacture approach of the silicon single crystal indicated to claim 1 1 or claim 12 
to which said manufacture conditions to adjust are characterized by being a crystal rotation rate. 
[Claim 14] The manufacture approach of the silicon single crystal characterized by changing the 
crystal pulling rate for obtaining N-field according to it when the crystal pulling rate for obtaining N- 
field changes, since the rotational speed of a crucible was changed when pulling up a crystal, as the 
whole surface of the direction of a path of a crystal became N-field at least in a part of growth 
direction, when a silicon single crystal was manufactured with the Czochrlski method. 
[Claim 15] The manufacture approach of the silicon single crystal which conducted the pull-up rate 
gradual decrease experiment, checked the crystal pulling rate used as N-field in the experiment first, 
and was subsequently indicated to claim 14 characterized by the checked thing [ pulling up and 
raising a crystal on the basis of a rate ] when pulling up the crystal which changes the rotational 
speed of said crucible and serves as a whole surface N-field. 

[Claim 1 6] The silicon single crystal characterized by being manufactured by claim 1 thru/or the 
approach according to claim 15. 
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[Claim 1 7] The silicon single crystal wafer characterized by being manufactured from a silicon 
single crystal according to claim 16. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of manufacturing a silicon single 
crystal using this, about the approach of searching for the count approach for adjusting the structure 
in a furnace and adjusting the structure in this furnace, or the suitable structure in a furnace, in order 
to manufacture a silicon single crystal with few crystal defects. 
[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal 
produced with the Czochrlski method (it is hereafter written as a CZ process) used as the substrate 
has been increasing with detailed-izing of the component accompanying high integration of 
semiconductor circuits, such as DRAM. The defect of a single crystal growth reason in which the 
oxide film proof-pressure property especially called grown-in (Grown-in) defects, such as FPD, 
LSTD, and COP, and the property of a device are worsened exists, and importance is attached to 
reduction of the consistency and size. 

[0003] In explaining these defects,, it explains being known generally about the factor which 
determines each concentration of the point defect of the hole mold first called the Vacancy (it may 
outline Vacancy and Following V) incorporated by the silicon single crystal, and the mold silicon 
point defect between grids called Interstitial-Si (it may outline Interstitial- Si and Following I) 
incorporated. 

[0004] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a 
silicon atom, and a field with many things like a hole. With an I region It is the thing of a field with 
many lumps of the rearrangement and the excessive silicon atom which are generated when a silicon 
atom exists too much. Between V field and an I region The neutral (it may outline Neutral and 
Following N) field without lack of an atom or an excess (few) will exist. And with [ even if said 
grown-in defects (FPD, LSTD, COP, etc.) occur when V and I are in a condition /****** / to the 
last, and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as 
a defect. 

[0005] The concentration of both this point defect is decided from the pull-up rate (growth rate) of 
the crystal in a CZ process, and relation with the temperature gradient G near [ under crystal ] the 
solid-liquid interface. The defect called OSF (an oxidation induction stacking fault, Oxidation 
Indused Stacking Fault) near [ boundary ] V field and an I region When it sees in the cross section of 
the perpendicular direction to a crystal growth shaft, being distributed in the shape of a ring (it being 
hereafter called an OSF ring) is checked. 

[0006] The defect of these crystal growth reason for example **G near the solid-liquid interface (the 
difference of the temperature gradient Gc of a crystal center part [**/mm] and the temperature 
gradient germanium of a crystal circumference part [**/mm] is expressed with **G=|germanium- 
Gc|) during the usual crystal the large structure in a furnace (hot zone: it may be called HZ) When a 
crystal orientation changes a growth rate from a high speed to a low speed with used CZ pull-up 
machine, it is obtained as a defective distribution map as shown in drawing^ . 
[0007] And the field where grown-in defects, such as FPD considered as the void reason to which 
hole type point defects gathered when a growth rate was a high speed comparatively with the above 
before and after 0.6 mm/min when these were classified according to the direction of the diameter of 
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a crystal (field) as it was shown in d rawing 7 for example, LSTD, and COP, exist in high density 
throughout the direction of the diameter of a crystal, and these defects exist is called the V-rich field 
(refer to Rhine (A) and drawing 7 (A) of drawing 6 ). Moreover, when a growth rate is 0.6 or less 
mm/min, the field where an OSF ring is generated from the circumference of a crystal, the defect of 
ratios of length to diameter (Large Dislocation: the cable address of the dislocation loop between 
grids, LSEPD, LFPD, etc.) considered to be dislocation loop reasons by the outside of this ring exists 
in a low consistency with the fall of a growth rate, and these defects exist is called the I-rich field (it 
may be called a ratio-of-length-to-diameter field). Furthermore, if a growth rate is made into a low 
speed below 0.4 mm/min order, an OSF ring will condense and disappear at the core of a wafer, and 
the whole surface will serve as an I-rich field (Rhine (C) of drawing 6 , drawing 7 (C)). 
[0008] Moreover, the existence of the field where neither FPD of a hole reason, LSTD, COP nor 
LSEPD of a dislocation loop reason and LFPD exist called N field to the outside of an OSF ring is 
discovered in the middle of a V-rich field and an I-rich field recently. It is reported that this field is 
the I-rich field side which is not so rich as there is almost no precipitation of oxygen by being in the 
outside of an OSF ring when oxygen precipitation heat treatment is performed and the contrast of a 
deposit is checked by X-ray observation etc., and LSEPD and LFPD are formed (refer to Rhine (B) 
and drawing 7 (B) of drawing 6 ). 

[0009] That is, since this N-field existed aslant to growth shaft orientations by the usual approach 
when a pull-up rate is lowered to a low speed from a high speed, it existed only in the part in the 
wafer side. By the Voronkov theory (V. V.Voronkov; Journal of Crystal Growth, 59 (1982) 625-643), 
it has recited that a pull-up rate (V) and concentration with a as total parameter called V/G which is 
the ratio of a crystal solid-liquid interface shaft-orientations temperature gradient (G) as the type of a 
point defect are determined about this defect, if it thinks from this, it should pull up in a field (the 
direction of a path of a crystal), and a rate must be about 1 law — only a crystal into which a core 
serves as an I-rich field on the outskirts across N-field in a V-rich field at a certain pull-up rate since 
it comes out, and it is and G has distribution in the direction of a path in a field was obtained. 
[0010] Then, distribution of G within a field was improved, and when this N-field where that it is 
only slanting existed was pulled up lowering for example, the pull-up rate V gradually, the crystal 
with which N-field spread all over width at a certain pull-up rate could be manufactured recently. 
Moreover, in order to expand the crystal of this whole surface N-field in the die-length direction, if a 
pull-up rate when this N-field spreads horizontally is maintained and pulled up, it can attain to some 
extent. Moreover, when adjusting the pull-up rate in consideration of G changing so that it might be 
amended and V/G might become fixed to the last as the crystal grew, as it is, the crystal used as a 
whole surface N-field could be expanded also in the growth direction. A grown-iri defect does not 
exist in this whole surface N-field crystal at all, but an oxide-film proof-pressure property is also 
good. 
[0011] 

[Problem(s) to be Solved by the Invention] Usually, when considering heat (temperature) 
distribution of a pull-up furnace, it mainly has structure in a furnace (HZ: it may be called a hot 
zone), and a thermal performance rating is performed. Therefore, when considering the old above- 
mentioned defective distribution and HZ was the same, even if it changes some other pull-up 
conditions, it is almost uninfluential, and I thought that the crystal of quality made into the purpose 
was obtained, however, a crystal rotation rate and MCZ — the magnetic field strength of law etc. is 
the same, when the parameter considered to affect especially the convection current of silicon melt 
was changed, for example it pulls up, lowering a pull-up rate - in spite of having used HZ, N-field 
which existed straightly changed the above-mentioned conditions in the direction of a path — pulling 
up — coming out — it became clear that it may exist aslant. These parameters may have to be 
changed according to the specification and operating condition of an oxygen density and others of a 
wafer, and have posed the problem that the tolerance is big. 

[0012] Moreover, when expanding this N-field to a crystal orientation, in actual operation, it is 
necessary to change a pull-up rate intentionally for diameter control of a crystal. Furthermore, 
although the rotational speed of the motor for crystal rotation is within the limits of the specification, 
it has caused a minute change in many cases. And when these became a cause, and pulled up and a 
rate separated from desired value (i.e., when V/G value separates from the proper range), the grown- 
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in defect might have occurred in large quantities suddenly into the part. Now, the yield of a single 
crystal fell, and the defective generating part could not be further distinguished from the appearance 
of a crystal, but it was coped with by the approach almost near all-articles inspection, and there was 
also a problem of making QA very difficult. 

[0013] This invention was made in view of such a trouble, when it pulls up according to disturbance, 
for example, a rate separates from the set point, it develops the suitable correction approach which 
can respond, and the approach of finding out the structure in a furnace also to fluctuation of single 
crystal manufacture conditions like a throat, and it aims at producing a super-low defective crystal 
under stable conditions. 
[0014] 

[Means for Solving the Problem] Invention which it was accomplished in order that this invention 
might attain said purpose, and was indicated to claim 1 of this invention [ when manufacturing a 
silicon single crystal with the Czochrlski method ] at least in a part of growth direction As the whole 
surface of the direction of a path of a crystal serves as N-field, when pulling up a crystal, 
manufacture conditions other than the structure in a furnace of a pull-up furnace are changed. The 
direction distribution of a path of temperature gradient [ between 1400 degrees C ] G (temperature 
variation / crystal orientation die length) [**/mm] inclines from the melting point near [ under 
crystal ] the solid-liquid interface. Therefore, it separates from a certain range where the V/G [mm2 / 
**, and min] value when setting a crystal pulling rate to V [mm/min] serves as N-field. When it stops 
becoming N-field all over the direction of a path, adjust the structure in a furnace of a pull-up 
furnace, and the inclination of the direction of a path of G is made small. It is the manufacture 
approach of the silicon single crystal characterized by adjusting the method of a path for V/G value, 
making the direction inclination of a path of G small, and making V/G value into a value which 
serves as N-field all over the direction of a path. 

[0015] Thus, as the whole surface of the direction of a path of a crystal serves as N-field at least in a 
part of growth direction, when pulling up a crystal Change manufacture conditions other than the 
structure in a furnace of a pull-up furnace, and the direction distribution of a path of G inclines. 
Therefore, if it pulls up as the correction approach, the structure in a furnace of a furnace is adjusted 
and the direction inclination of a path of G is made small when V/G value stops serving as N-field 
all over the direction of a path It can become N-field all over the direction of a path about V/G value, 
and it is stabilized and the silicon single crystal of a super- low defect can be manufactured. 
[0016] In this case, as indicated to claim 2, as for accommodation of the structure in a furnace of said 
pull-up furnace, it is desirable to prepare an annular solid-liquid interface heat insulator in the 
periphery of the solid-liquid interface of a crystal, and to carry out by adjusting spacing [ of this heat 
insulator lower limit and a melt side ] S [mm]. 

[0017] Invention indicated to claim 3 of this invention is the manufacture approach of the silicon 
single crystal characterized by adjusting the structure in said furnace to fluctuation of magnetic field 
strength, when manufacturing a silicon single crystal with the Czochrlski method which impresses a 
magnetic field. Thus, in the MCZ method, if magnetic field strength may be fluctuated and the 
structure in a furnace is appropriately adjusted to this fluctuation, the silicon single crystal which 
serves as N-field all over the direction of a path can be manufactured. 

[0018] And invention indicated to claim 4 of this invention is the manufacture approach of the 
silicon single crystal characterized by adjusting the structure in said furnace to fluctuation of a 
crystal rotation rate, when manufacturing a silicon single crystal with the Czochrlski method. Thus, 
it is -necessary to fluctuate a crystal rotation rate for the improvement of field internal division cloth 
etc., and if the structure in a furnace is appropriately adjusted to this fluctuation, the silicon single 
crystal which serves as N-field all over die direction of a path can be manufactured. 
[0019] When the direction distribution of a path of G changes with fluctuation of manufacture 
conditions other than the structure in a furnace, invention indicated to claim 5 of this invention The 
pull-up which makes a pull-up rate increase gradually using at least two or more kinds of structures 
in a furnace on the manufacture condition and which pulls up or is made to dwindle a pull-up rate is 
carried out. It is the manufacture approach of the silicon single crystal characterized by finding out 
structure in a furnace which serves as N-field all over the direction of a path at the time of a certain 
pull-up rate. Thus, manufacture conditions other than the structure in a fornace are fixed, and it 
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experiments by pulling up using two or more structures in a furnace, and if a defective distribution 
map is created and compared, the structure in a furnace where actual G value serves as a flat all over 
the direction of a path can be chosen easily. 

[0020] Furthermore, invention indicated to claim 6 of this invention is the manufacture approach of 
the silicon single crystal characterized by finding out the structure in a furnace which analyzes the 
effect using a correctly calculable simulator, and serves as N-field all over the direction of a path, 
when the direction distribution of a path of G changes with fluctuation of manufacture conditions 
other than the structure in a furnace. 

[0021] Thus, if change of the direction distribution of a path of G accompanying fluctuation of 
manufacture conditions is analyzed using a correctly calculable simulator, the structure in a furnace 
which serves as N-field all over the direction of a path under the changed manufacture conditions 
can be easily found out, even if it does not conduct much pull-up experiments. 

[0022] And invention indicated to claim 7 of this invention When the direction distribution of a path 
of G changes with fluctuation of manufacture conditions other than the structure in a furnace When 
the simulator which cannot calculate the effect correctly or does not perform such a comparison is 
used, [ whether the simulator is doubled with the experimental result obtained before changing 
manufacture conditions, and ] Or look for conditions which suit an analysis result and the value, and 
V/G value which broke the pull-up rate V of the crystal pulled up on the condition by G which can 
be found from analysis is compared. V/G value previously calculated when V/G value of each 
boundary of defective distribution were quantified, then conditions other than the structure in a 
furnace changed and defective distribution changed, The pull-up rate of a crystal and defective 
distribution which were newly pulled up on the conditions which changed are compared. After 
counting backward and calculating the value of G, calculating the amount of amendments from 
count G value to the actual G value in that condition, analyzing structures in a furnace various next 
and carrying out this amendment to that result By looking for the structure in a furnace where **G 
becomes min, it is the manufacture approach of the silicon single crystal characterized by finding out 
the structure in a furnace where the whole surface of the direction of a path serves as N-field. 
[0023] Thus, in the case of the simulator which can perform only inadequate analysis, if it pulls up in 
the above procedures and an experimental result is inserted in and calculated, the structure in a 
furnace where the whole surface of the direction of a path serves as N-field can be found out. This 
becomes more possible rather than finding all out by experiment finding out the suitable structure in 
a furnace efficiently. 

[0024] Next, invention indicated to claim 8 of this invention is set to said defective distribution map. 
Dwindle a pull-up rate at a low speed from a high speed, or when increasing a pull-up rate gradually 
at a high speed from a low speed At least one or more in Rhine which boundary Rhine of inside 
Rhine of an OSF ring, outside Rhine of an OSF ring, a V-rich field side N-field, and an I-rich field 
side N-field and a dislocation loop begin to generate are quantified with V/G value. When 
manufacture conditions other than the structure in a furnace change When the same pull-up is 
performed and defective distribution changes, pull up with V/G value calculated previously, and the 
value of G in each boundary location is counted backward in the direction of the diameter of a 
crystal using a rate. After calculating the amount of amendments from count G value to the actual G 
value in that condition, analyzing structures in a furnace various next and carrying out this 
amendment to that result By looking for the structure in a furnace where **G becomes min, it is the 
manufacture approach of the silicon single crystal characterized by finding out the structure in a 
furnace where the whole surface of the direction of a path serves as N-field. The structure in a 
furnace where the whole surface of the direction of a path under the manufacture conditions changed 
also by such analysis and the experimental technique serves as N-field can be found out 
comparatively easily. 

[0025] [ when invention indicated to claim 9 of this invention manufactures a silicon single crystal 
with the Czochrlski method ] When expanding N-field which pulls up with the temperature 
distribution in a pull-up furnace, adjusts a rate, and is formed all over the direction of a path of a 
crystal at least to the shaft orientations of a crystal It is the manufacture approach of the silicon 
single crystal characterized by pulling up a crystal according to the structure in a furnace which 
becomes below the greatest **G corresponding to minimum pull-up rate range-of- fluctuation **[ of 
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each pull-up furnace proper ] V [mm/min]. If it does in this way, the structure in a furnace 
corresponding to the pull-up rate range of fluctuation of each pull-up furnace proper can be 
specified, N-field formed in the direction of a path of a crystal can be expanded to the shaft 
orientations of a crystal, and the silicon single crystal of the super-low defect which is N-field 
throughout a single crystal rod can be obtained. 

[0026] In this case, if the structure in a furnace is adjusted and a crystal is pulled up so that it may 
become below the [**/mm] value to **V [mm/min] of each of said pull-up furnace proper as 
indicated to claim 10, the silicon single crystal of the high quality which was stabilized further and 
expanded N-field to shaft orientations can be manufactured. [ **G which can be found due to **G=- 
6.5**V+0.1785 ] 

[0027] Next, invention indicated to claim 1 1 of this invention [ when manufacturing a silicon single 
crystal with the Czochrlski method ] at least in a part of growth direction As the whole surface of the 
direction of a path of a crystal serves as N-field, when pulling up a crystal, the structure in a furnace 
of a pull-up furnace is changed. It separates from a certain range where the direction distribution of a 
path of a temperature gradient G inclines, therefore V/G value serves as N-field. All over the 
direction of a path, N-field is the manufacture approach of the silicon single crystal which adjusts 
manufacture conditions other than the structure in a furnace of a pull-up furnace, makes the direction 
inclination of a path of G small, and is characterized by making V/G value into a value which serves 
as N-field all over the direction of a path, when it stops becoming. 

[0028] Thus, the silicon single crystal with which it will turn into N-field all over the direction of a 
path if N-field adjusts manufacture conditions other than the structure in a furnace, and makes the 
direction inclination of a path of G small when it stops becoming, and V/G value is made to become 
N-field all over the direction of a path can be formed all over the direction of a path by fluctuation of 
the structure in a furnace becoming a cause. 

[0029] In this case, said manufacture conditions to adjust can consider as magnetic field strength, as 
indicated to claim 12, and as indicated to claim 13, they can consider as a crystal rotation rate. Since 
the convection current of silicon melt is influenced by these and defective distribution can be 
changed, this can be used for correction and the modification and adjustment are easy. 
[0030] Furthermore, invention indicated to claim 14 of this invention [ when manufacturing a silicon 
single crystal with the Czochrlski method ] at least in a part of growth direction Since the rotational 
speed of a crucible was changed when pulling up a crystal, as the whole surface of the direction of a 
path of a crystal became N-field, when the crystal pulling rate for obtaining N-field changes It is the 
manufacture approach of the silicon single crystal characterized by changing the crystal pulling rate 
for obtaining N-field according to it. 

[0031] Thus, when the rotational speed of a crucible is changed as manufacture conditions other than 
the structure in a furnace, unlike the effect which modification of magnetic field strength or a crystal 
rotation rate has on a temperature gradient G, the absolute value of G itself changes, or since an 
oxygen density changes and it separates from N-field at a pull-up rate as it is, if a pull-up rate is 
changed, the silicon single crystal which serves as N-field all over the direction of a path can be 
formed. 

[0032] As indicated to claim 15, when pulling up the crystal which changes the rotational speed of a 
crucible and serves as a whole surface N-field, first, a pull-up rate gradual decrease experiment is 
conducted, and the crystal pulling rate used as N-field is checked in an experiment. In this case, 
subsequently The checked silicon single crystal of the high quality which was stabilized further and 
expanded N-field to shaft orientations when pulling up and raising the crystal on the basis of the rate 
can be manufactured. 

[0033] And invention indicated to claim 16 of this invention is the silicon single crystal 
manufactured by the approach indicated to claim 1 thru/or claim 15. Thus, if a silicon single crystal 
is manufactured by the approach indicated to said claim 1 thru/or claim 1 5, even if it changes 
manufacture conditions according to disturbance even if or gives fluctuation intentionally, the silicon 
single crystal of the super-low defect which can restore to normal values easily and promptly, serves 
as N-field all over the direction of a path of a crystal, and serves as N-field by the large area of the 
shaft orientations of a crystal can be manufactured. 

[0034] Furthermore, invention indicated to claim 17 of this invention is the silicon single crystal 
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wafer manufactured from the silicon single crystal indicated by claim 16. Thus, since the silicon 
single crystal wafer produced from the silicon single crystal manufactured by this invention is N- 
field all over a crystal and is a super-low defect, it can be used as a very useful silicon wafer. 
[0035] Hereafter, although explained to a detail per this invention, this invention is not limited to 
these. In advance of explanation, lessons is taken from each vocabulary, and it explains beforehand. 
1) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching 
and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD 
(Flow Pattern Defect) A pit and a ripple pattern arise by etching a front face with the mixed liquor of 
fluoric acid and water (Secco etching). This ripple pattern is called FPD, and the defects of oxide- 
film pressure-proofing increase in number, so that the FPD consistency within a wafer side is high 
(refer to JP,4- 192345, A). 

[0036] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a 
thing without FPD, a call, and a flow pattern for the thing accompanied by a flow pattern (flow 
pattern) with SEPD. When it is thought in this that large SEPD (LSEPD) 10 micrometers or more 
originates in a rearrangement cluster and a rearrangement cluster exists in a device, a current leaks 
through this rearrangement and it stops achieving the function as a P-N junction. 
[0037] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage 
of the wafer to LSTD (Laser Scattering Tomography Defect) after etching and removing a surface 
distortion layer with the mixed liquor of fluoric acid and a nitric acid. Incidence of the infrared light 
can be carried out from this cleavage plane, and the defect scattering light which exists in a wafer 
can be detected by detecting the light which came out from the wafer front face. About the scatterer 
observed here, it is a society etc., there is already a report, and it is regarded as the oxygen sludge 
(JpnJ.Appl.Phys. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of 
octahedron is also reported by the latest research. 

[0038] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core 
of a wafer, with COP (Crystal Originated Particle) — it is — Secco — by SC-1 washing (washing by 
the mixed liquor of NH4 OH:H2 02:H2 0=1 : 1 : 10), the defect set to FPD if dirty works as a 
selection etching reagent, and is set to COP. The diameter of this pit is investigated with light 
scattering measurement by 1 micrometer or less. 

[0039] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large 
Dislocation: cable address of the dislocation loop between grids), and is considered to be a 
dislocation loop reason. A large thing 10 micrometers or more is said that LSEPD described above 
also in SEPD. Moreover, also in FPD which LFPD described above, the magnitude of a tip pit says a 
large thing 10 micrometers or more, and it is considered the dislocation loop reason also here. 
[0040] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail, referring to a drawing. D rawing 1 thru/or drawing 4 R> 4 are the defective distribution maps 
having shown crystal pulling rate V [mm/min] as a parameter, and having shown the crystal diameter 
for the defective distribution accompanying fluctuation of crystal pulling manufacture conditions on 
the axis of ordinate as an axis of abscissa. Drawing 5 is ****** of the pull-up furnace used by this 
invention. 

[0041] the place investigated in the detail about the boundary neighborhood of V field and an I 
region about the silicon single crystal growth by the CZ process as this invention persons proposed 
by Japanese Patent Application No. No. 199415 [ nine to ] previously — **** of this boundary 
neighborhood - the narrow field had few FPD(s), LSTD(s), and COP remarkably, and it discovered 
that there was a neutral field where ratio of length to diameter does not exist, either. 
[0042] Then, if this neutral field can be extended all over a wafer, it will conceive that a point defect 
can be reduced sharply, and since the pull-up rate is almost fixed in the wafer side of a crystal, the 
main factors which determine concentration distribution of the point defect within a field will be 
temperature gradients in a growth (pull-up) rate and the relation of a temperature gradient. That a 
difference is in the temperature gradient of shaft orientations in a wafer side that is, on a problem If 
this difference can be reduced, that the concentration difference of the point defect within a wafer 
side can also be reduced A header, If the structure in a furnace is set up so that it may become as 
small as possible about [**/mm] =|germanium-Gc| of the temperature gradient Gc of the crystal 
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center section, and the temperature gradient germanium of a crystal circumference part, whenever 
[ furnace temperature ] is controlled and pulled up and a rate is adjusted, [ difference **G ] A wafer 
without the defect which the whole wafer surface becomes from N field came to be obtained. 
[0043] However, as mentioned above, influencing **G found that the effect to generating and its 
distribution of a defect was very large not only for the structure in a furnace but for fluctuation of 
other manufacture conditions. Then, this invention persons changed parameters other than the 
structure in a furnace first, and investigated the effect which it has on defective distribution. 
Consequently, when pulling up with the reinforcement of the horizontal magnetic field impressed 
especially and changing an inner crystal rotation rate in a number of parameter, it discovered that 
defective distribution was changing a lot. 

[0044] As concrete investigation, raising -1 used the structure in a certain furnace (referred to as HZ- 
1), is the conditions of horizontal magnetic-field-strength 3000Gauss and crystal rotation rate 15rpm, 
and conducted the pull-up experiment which dwindles a pull-up rate at a low speed from a high 
speed. As shown in****** 0 f the pull-up furnace used for this invention of drawing 5 , at the pull- 
up furnace 30, 40kg of raw material polycrystalline silicon was charged to the 18 inch quartz 
crucible 32, and the silicon single crystal rod 1 with the diameter of 6 inches, a bearing <100>, and a 
body die length of about 60cm was pulled up. In a furnace, structure HZ-1 installs the annular solid- 
liquid interface heat insulator 8 in the periphery of the solid-liquid interface 4 of a crystal, is what 
prepared spacing S [mm] between this heat insulator lower limit and the melt side 3, and can control 
G and **G by adjusting S. In HZ-1, it was set as S= 30mm and they could be crystal center 
temperature gradient Gc=3.551 degree-C/mm, crystal ambient temperature inclination 
germanium=3.552 degree-C/mm, and **G=0.001 degree-C/mm. In addition, these values are the 
calculated value by FEMAG (comprehensive heat transfer analysis software). 
[0045] As shown in the defective distribution map of d rawing 1 , mostly, N-field spread in the 
direction of a path and, as for this result, existed. At this time, the limitation of N-field has become 
flat, was expanded to the maximum, and is understood that the expansion to the crystal orientation of 
N-field is also easy. N-field said here has pointed out the field between V-rich field boundary lines 
and I-rich field boundary lines including an OSF field (OSF ring). In addition, manufacture 
conditions, the structure in a furnace, and the relation of the result were summarized in Table 1 . 
Moreover, since defective distribution is also a flat and the field internal division cloth of G is also a 
flat, it is shown at this time that actual G suits G distribution by count relatively at least. 
[0046] 
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[0047] Next, as raising -2, HZ-1 was used and the pull-up rate gradual decrease experiment was 
conducted on the conditions of horizontal magnetic-field-strength OGauss and crystal rotation rate 
15rpm. This result had become the distribution which an OSF ring closes aslant, as shown in 
drawing 2 . In this case, it is, or it cannot take, and the way things stand, it is understood that the 
expansion to a crystal orientation is also very difficult whether one wafer used as a whole surface N- 
field can be taken. Moreover, when this phenomenon is guessed from V/G, since it is fixed, the 
temperature gradient Gc of a crystal center is decreased and, as for the pull-up rate V, making 
surrounding germanium increase understands. That is, the more it lowers magnetic field strength, the 
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more it has suggested that Gc becomes small and germanium becomes large. Conversely, if it says, 
the more it will raise magnetic field strength, the more it means that Gc becomes large and 
germanium becomes small. 

[0048] Subsequently, it experimented in raising -3. HZ-1 was used and the pull-up rate gradual 
decrease experiment was conducted on the conditions of horizontal magnetic- field-strength 
3000Gauss and crystal rotation rate 5rpm. This result had become the distribution which an OSF ring 
closes aslant like raising -2, as shown in drawing 3 . In this case, there is especially no part used as a 
whole surface N-field, and the crystal used as a whole surface N-field can be made from this. As the 
inclination of change of G lowered the crystal rotation rate, Gc fell and germanium was larger. 
[0049] With regards to the oxygen density of a crystal etc., since magnetic field strength is a 
parameter related to deformation of a crystal, the homogeneity within a field, etc., it changes a 
crystal rotation rate depending on an operating condition. In such a case, it is difficult to manufacture 
the crystal which serves as a whole surface N-field using the structure in the same furnace (HZ). 
Raising -2 is also difficult and cannot manufacture the stable growth to a lengthwise direction at all 
by raising -3. 

[0050] Then, the cure for the stable growth of N-field crystal when changing conditions was 
considered. What is necessary is for it to be interlocked with, to change HZ and just to adjust G, if G 
is changed by change of disturbance or an intentional operating condition. Conversely, it is also 
possible to fix HZ, to change an operating condition and to adjust G. 

[0051] First of all, it decided to calculate HZ by the experimental technique. In any case, since what 
is necessary was just to have amended **G in the direction made small, it raised by changing the 
spacing S shown in drawing 5 effective in changing **G, and preparing the structure in [ two kinds 
of] a furnace of HZ-2 and HZ-3. In HZ-2, it was set as S= 40mm, and was set as S= 50mm in HZ-3. 
[0052] Raising -4 was the same conditions as raising -2 (magnetic field strength: OGauss) except 
having used HZ-2, except raising -5 having used HZ-3, is the same conditions as raising -2, and 
conducted the pull-up rate gradual decrease experiment. A crystal with which the OSF ring near [ in 
raising -4 ] drawing 1 becomes a flat was obtained. Moreover, in raising -5, it became distribution 
like drawing 4 which OSF closes in a small reverse M character mold conversely. In raising -5, the 
range of a whole surface N-field will become narrow. In these comparative experiments, it turned 
out that the limitation of N-field is also widely good to pull up using HZ-2. That is, ideal defective 
distribution again like dr awing 1 can be acquired by accommodation of the structure in a furnace of 
changing spacing S for fluctuation of the manufacture conditions of stopping impression of a 
magnetic field. 

[0053] Next, raising -6 was the same conditions as raising -3 (crystal rotation rate: 5rpm) except 
having used HZ-2, except raising -7 having used HZ-3, is the same conditions as raising -3, and 
conducted the pull-up rate gradual decrease experiment. In raising -6, there was a whole surface N- 
field near drawing 2 , but it became the distribution which an OSF ring does not close just beside yet. 
In raising -7, it became the distribution which the OSF ring near drawing 1 closes just beside. It will 
be said in these comparative experiments that it is good to choose HZ-3. 

[0054] Moreover, when it pulled up as raising -8 and raising -9 using HZ-2 and HZ-3 on condition 
that raising -1 (horizontal magnetic-field-strength 3000Gauss), it became the distribution which both 
sides close in a reverse M character mold like drawing 4 . That is, also conversely, it can say in this 
case. Namely, what is necessary is just to adjust the structure in a furnace in the direction of HZ-3 to 
HZ-1, i.e., the direction which enlarges **G, since **G is 0 or minus when pulling up on some 
conditions and it becomes distribution like drawing 4 . 

[0055] As explained above, when manufacture conditions other than the structure in a furnace 
changed, and making the structure in a furnace follow in footsteps and going, it became possible to 
manufacture the silicon single crystal wafer which is N-field all over the direction of a path on any 
conditions. 

[0056] Contrary to the above explanation, the silicon single crystal with which it will turn into N- 
field all over the direction of a path if N-field adjusts manufacture conditions other than the structure 
in a furnace, and makes the direction inclination of a path of G small when it stops becoming, and 
V/G value is made become N- field all over the direction of a path can be formed all over the 
direction of a path by fluctuation of the structure in a furnace becoming a cause. 
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[0057] Although the experimental technique has been used for searching for the suitable structure in 
a furnace which serves as N-field all over the direction of a path, and manufacture conditions as 
described above, a try and an error-elementare strong, and possibility of being forced many useless 
experiments is also high, and inefficient. Then, how to find out the accommodation approach of the 
structure in a furnace at the time of changing manufacture conditions other than structures in a 
furnace, such as magnetic field strength, was examined using count. 

[0058] First, what is necessary is just to calculate the effect to G of manufacture conditions, such as 
magnetic field strength other than the structure in a furnace, and a crystal rotation rate, if there is a 
comprehensive heat transfer analysis tool in the CZ process pull-up furnace for which it can ask 
correctly relatively. However, in the present tool, it is difficult to ask for G of various conditions 
correctly relatively in 2-dimensional heat transfer analysis, where the convection current is 
considered, and a comparison may be impossible. Then, the count approach in a situation without an 
ideal three-dimensions simulator was considered. 

[0059] First, it is necessary to double the result pulled up on one certain condition, and the result of a 
simulation, and needs to be crowded. Or the conditions which suit the result of a simulation may be 
found in an experiment. Here, the analysis result of a simulation suits on condition that said raising - 
1 . If these suiting-each other criteria are shown by one value in which the boundary of each defective 
distribution of OSF for example, at the time of a pull-up rate gradual decrease experiment etc. is 
compared with distribution of V/G value deduced from G for which it asked in analysis, for example, 
V/G has Rhine of the OSF inside, they will be relatively [ at least ] correct. 
[0060] The count approach is first pulled up on correct conditions (raising -1), conducts a rate 
gradual decrease experiment, and clarifies each boundary, such as the OSF inside, an OSF outside, N 
(V) / N (I) boundary, and an I-rich boundary, and the pull-up rate V in each location. Next, G is 
computed by performing thermal analysis to which the die length of a crystal was changed one after 
another, V/G which can be found in this each defective boundary and count is compared, and each 
boundary is quantified by V/G. 

[0061] It counts backward and asks for G of another experiment using this V/G. For example, in 
raising -2, one line of the direction of a path which straddles an OSF ring, N(V) / N (I) boundary, an 
I-rich boundary, etc. was used, and it counted backward and asked for G of an intersection with each 
boundary from the pull-up rate at this time, and V/G calculated previously. In this case, the value of 
G compares with an analysis value and it is a crystal center. - It means that it is +1 .4% around the 
scope of V/G (inside without the effect of out-diffusion), and distribution of G of the conditions of 
raising -2 was searched for 3.7%. 

[0062] Thus, the calculated correction value is used and structure in a furnace is predicted shortly. 
Some kinds of thermal analyses are performed, and if the amendment for which it asked last 
previously is applied, distribution of G can be searched for almost correctly. By the above 
approaches, as G became a flat to the last, when setting up the structure in a header and its furnace 
and pulling up the structure in a furnace where **G became close to 0, even if manufacture 
conditions other than the structure in a furnace changed, it is stabilized and the crystal of a whole 
surface N-field could be manufactured. Then, when HZ-2 were analyzed by the above approach, G 
became a flat rightly. 

[0063] By the same approach as the above, the amount of amendments of G at the time of crystal 
rotation rate modification is computed, and if analysis which considered that amendment is 
performed, the optimal structure in a furnace can be found out also on this condition. The approach 
which doubles a simulation and is crowded in this experiment is also usable also to change of the 
defective distribution over what kind of change of a situation. 

[0064] Next, the difficulty nature of the expansion to this direction of whole direction surface Nof 
path-field crystal growth was examined. In the case of drawing 1 , it is completely satisfactory, and 
the expansion to shaft orientations is easy, and expansion is very difficult case [ like drawing 2 ]. 
Therefore, it is desirable to operate on conditions which an OSF ring closes just beside like d rawing 
1 as much as possible. 

[0065] By the way, a pull-up furnace has fluctuation of the pull-up rate V of the proper of a motor 
reason from control of the intentional pull-up rate V for diameter control, and when it separates from 
the range of V/G which serves as N-field by this fluctuation, a grown-in defect occurs. That is, N- 
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field will be secured if it carries out to below maximum-permissible **G calculated from the range 
of V/G to **V of a pull-up furnace. **G [**/mm] is [ as opposed to / when asked for the relation 
between this **V and maximum-permissible **G from V/G of N-field boundary / **V [mm/min] of 
a pull-up furnace proper ] **G—6.5**V+0.1785. When carrying out to below the value that can be 
found from relational expression, it discovered that the expansion to the growth direction of N-field 
was stabilized. 

[0066] When **V of a pull-up furnace is specifically 0.02 [mm/min], it will be stabilized if 
maximum-permissible **G becomes below 0.0485 [**/mm]. **G then, by the structure in a furnace 
of 0.1 [**/mm], an operating condition (raising -8) and the structure in a fiirnace of 0.02 [**/mm], 
and the operating condition (raising -9) Although FPD, LFPD, LSEP, etc. occurred in ******** by 
raising -8 when raised in consideration of change of G of growth shaft orientations, lowering a pull- 
up rate little by little, it succeeded in training of the crystal with which a grown-in defect does not 
exist in raising -9 after 10cm of body sections of a crystal. 

[0067] Hereafter, drawing 5 explains the example of a configuration of the crystal pulling furnace by 
the CZ process used by this invention. As shown in drawing 5 , this crystal pulling equipment 30 The 
pull-up room 3 1 , the crucible 32 prepared all over the pull-up room 3 1 , and the heater 34 arranged 
around a crucible 32, It has the reel style (not shown) which rotates or rolls round the crucible 
maintenance shaft 33 made to rotate a crucible 32 and its rolling mechanism (not shown), the seed 
chuck 6 holding the seed crystal 5 of silicon, the wire 7 that pulls up a seed chuck 6, and a wire 7, 
and is constituted. A quartz crucible is prepared in the side in which a crucible 32 holds the silicon 
melt (molten bath) 2 of the inside, and the graphite crucible is prepared in the outside. Moreover, the 
heat insulator 35 is arranged around [ outside ] the heater 34. 

[0068] Moreover, in order to set up the manufacture conditions in connection with the manufacture 
approach of this invention, the annular solid-liquid interface heat insulator 8 is formed in the 
periphery of the solid-liquid interface 4 of a crystal as an example of the structure in a furnace. This 
solid-liquid interface heat insulator 8 forms the spacing S of 1-1 0cm between that lower limit and 
surface of hot water 3 of silicon melt 2, and is installed in it. This spacing S can be adjusted with the 
location of the crucible at the time of crystal pulling initiation, and the amount of a raw material, and 
is constituted independently possible [ rise and fall of solid-liquid interface rupture material 8 the 
very thing ], and you may make it control spacing S. Furthermore, coolant gas may be sprayed or the 
tubed cooling system (un-illustrating) which interrupts radiant heat and cools a single crystal may be 
formed. He controls the convection current of melt and is trying to measure the stable growth of a 
single crystal by installing a magnet 36 in the horizontal outside of the pull-up room 31, and 
impressing a magnetic field horizontal to silicon melt 2 independently. 

[0069] Next, the single-crystal-growth approach by above crystal pulling equipment 30 is explained. 
First, within a crucible 32, the high grade polycrystal raw material of silicon is heated more than the 
melting point (about 1420-degreeC), and is dissolved. Next, the tip of seed crystal 5 is made 
contacted or immersed in the surface abbreviation core of melt 2 by beginning to roll a wire 7. Then, 
while rotating the crucible maintenance shaft 33 in the proper direction, single crystal growth is 
started by rolling round rotating a wire 7 and pulling up seed crystal 5. Henceforth, the single crystal 
rod 1 of an approximate circle column configuration can be obtained by adjusting a pull-up rate and 
temperature appropriately. 

[0070] In this case, in this invention, especially in order to attain the purpose of this invention, it is 
important to have formed the annular solid-liquid interface heat insulator 8 in the periphery space of 
the liquefied part in the single crystal rod 1 on the surface of hot water 3 of the pull-up room 3 1 , as 
structure in a furnace, so that the temperature region from the melting point of the crystal near the 
surface of hot water to 1400 degrees C could be controlled. 

[0071] Namely, what is necessary is to form the annular solid-liquid interface heat insulator 8 in the 
pull-up room 31, and just to adjust the spacing S on this lower limit and the front face 3 of melt in 1- 
10cm, in order to control whenever [ this furnace temperature ]. If it carries out like this, difference 
**G=|germanium-Gc| of the temperature gradient Gc of the above-mentioned crystal center part 
[**/mm] and the temperature gradient germanium of a crystal circumference part [**/mm] is 
controllable. 

[0072] The silicon single crystal wafer which slices the silicon single crystal manufactured by the 
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manufacture approach of the silicon single crystal described above and this silicon single crystal, and 
is obtained is a whole surface N-field in the direction of a path of a crystal, since it is expanded also 
to shaft orientations, it is N-field throughout a crystal, therefore it is a super-low defective article 
with which rearrangement clusters, such as grown-in defects, such as FPD and COP, and LSEP, 
LFPD, do not exist in the whole wafer surface. 

[0073] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0074] For example, in the above-mentioned operation gestalt, although the example was given and 
explained per when a silicon single crystal with a diameter of 6 inches was raised, this invention is 
not limited to this but can be applied also to the diameter of 8-16 inches, or the silicon single crystal 
beyond it. Moreover, it cannot be overemphasized that this invention is applicable also to the so- 
called MCZ method for impressing a level magnetic field and length magnetic field, a cusp field, etc. 
to silicon melt. 
[0075] 

[Effect of the Invention] As explained above, when the pull-up of the silicon single crystal which has 
normal defective distribution under the structure in a certain fUrnace is performed according to this 
invention, When abnormalities are caused to defective distribution by fluctuation of disturbance or 
intentional manufacture conditions By adjusting the structure in a furnace appropriately, the crystal 
which becomes restorable, is stabilized under any conditions and serves as a whole surface N-field 
can be pulled up, and the yield of a super-low defective silicon single crystal and improvement in 
productivity can be aimed at. Moreover, since **G to the minimum pull-up rate deflection width of 
face of each pull-up furnace proper was obtained, it became possible by adjusting the structure in a 
furnace appropriately to pull up the crystal which is stabilized also in the growth direction and serves 
as a whole surface N-field. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

. 1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are many defective distribution maps in the silicon single crystal shaft orientations 
at the time of manufacturing on the optimal pull-up conditions which set the axis of abscissa as the 
direction location of a path of a crystal, and expressed the pull-up rate V as an axis of ordinate. 
[Drawing 2] They are many defective distribution maps showing the example at the time of changing 
one certain condition from the pull-up conditions of drawing 1 . 

[Drawing 3] They are many defective distribution maps showing the example at the time of changing 
one certain another condition from the pull-up conditions of drawing 1 . 

[Drawingj4] They are many defective distribution maps showing the example at the time of changing 
one condition that there are others from the pull-up conditions of drawing 1 . 
[Drawing 5] It is the approximate account Fig. of the crystal pulling equipment by the CZ process 
used by this invention. 

[Drawing 6] They are many defective distribution maps at the time of setting an axis of abscissa as 
the direction location of a path of the crystal in the single crystal shaft orientations by the approach 
to pull up the former, and setting an axis of ordinate as a growth rate. 

[Drawing 7] It is an explanatory view showing the relation between the pull-up rate in an approach 
to pull up the former, and the defective distribution within the crystal face. (A) In a high-speed pull- 
up, in (B) medium-speed pull-up, it is in (C) low-speed pull-up. 
[Description of Notations] 

1 [ - A solid-liquid interface, 5 / - Seed crystal, 6 / — A seed chuck, 7 / — A wire, 8 / — An annular 
solid-liquid interface heat insulator, 30 / - A crystal pulling furnace, 3 1 / — A pull-up room, 32 / - A 
crucible, 33 / — A crucible maintenance shaft, 34 / - A heater, 35 / - A heat insulator, 36 / - 
Magnet. ] - A growth single crystal rod, 2 ~ Silicon melt, 3 ~ The surface of hot water, 4 S - 
Spacing of the surface of hot water and a solid-liquid interface heat insulator lower limit, a V— V-rich 
field, a N-N-field, OR-OSF field I-I-rich field (ratio-of-length-to-diameter field). 
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[Drawing 5] 
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